At the Large Hadron Collider (LHC) at the European Organization for Nuclear Research (CERN), protons and heavy ions are accelerated to velocities close to the speed of light and collided in order to study particle interactions and give us an insight to the fundamental laws of nature. The energy and intensity of the particle beams at the LHC are unprecedented, and a tremendous amount of data is collected by three experiments on the circular ring of the LHC that are specialized in proton-proton collisions. The data confirm the most successful theory of particle physics to date known as the standard model of particle physics to very good precision, including the long expected and recently discovered Higgs boson. The standard model cannot, however, accommodate experimentally observed phenomena like gravity, neutrino masses, and dark matter. The theory can also be theoretically unsatisfying as a result of parameters that go unexplained, such as the relatively low value of the Higgs mass despite its large quantum corrections, implying a lack of understanding. For this reason, in addition to precision measurements of standard model observables, experiments search for new physics beyond the standard model that could explain some of the shortcomings of the standard model. A selection of results for searches for new physics beyond the standard model using data recorded by three experiments on the LHC are presented in this talk.
Introduction
On average about ten thousand particles from cosmic rays pass through each square meter every second. The HESS experiment in Namibia can detect such cosmic rays from our galaxy where protons can be accelerated to energies of the order of peta-electronvolts 1 [1] . Experiments in particle and astroparticle physics are used to answer questions about what these particles are made of, as well as what we and the universe are made of. Instead of waiting for particles from outer space, the Large Hadron Collider [2] at CERN in Geneva collides its own bunches of 10 11 protons at 6.5 tera-electronvolt (TeV) per beam up to 1 billion times a second. This is the largest and most powerful collider in the world. Seven detectors on the 27-kilometer ring are used to collect data from the 4 collision points on the LHC. Results from analyses of data collected by three of these are discussed. Two multi-purpose detectors, A toroidal LHC ApparatuS (ATLAS) [3] and a Compact Muon Solenoid (CMS) [4] , located on opposite sides of the LHC ring, are both competitive and complementary in measurements of the established and new models of physics. CMS weighs 14000 tons, about twice as much as ATLAS and 1.5 times the weight of the Eiffel tower, and is with its 15m diameter, 25m width and 46m length only about half the size of ATLAS, which has a very good jet resolution. CMS has the most powerful solenoid magnet ever made and excellent particle momentum resolution in its silicon tracker. LHCb [5] is a forward-arm spectrometer specialized in studies of the bottom and charm quarks. It has a very accurate tracking system starting from only 8.2mm from the 1 In particle physics, energy, momentum and mass are often expressed in electronvolt. One electronvolt is the amount of energy lost or gained by a particle of a single electron charge (1e) moving across an electric potential difference of one volt (1 V) and is approximately 1 eV ≈ 1.602 × 10 −19 J (joule) in SI units.
beam pipe, and is very forward 2 (2 < |η| < 5) compared to CMS and ATLAS (|η| < 2.4) making it sensitive to the region where b-jets are predominantly produced (see Fig. 1-3 ). The LHC and its experiments are designed to answer some of the fundamental questions of our universe such as what we are made of and how particles obtain mass. This and all known fundamental particles to date, as well as the electromagnetic, weak nuclear, and strong nuclear forces are very accurately described by the so-called standard model of particle physics [6] [7] [8] [9] [10] [11] [12] [13] [14] . However, it does not describe gravity or so-called dark matter, provide neutrino masses, or explain the matterantimatter asymmetry in the universe. In addition, it can be theoretically unsatisfactory as the standard model, for instance, has huge corrections of the order of (10 19 GeV) 2 to the Higgs mass squared that we know should sum up together to be only (125 GeV) 2 when assumed to be correct to the Planck scale. A number of models of physics beyond the standard model (BSM) have been proposed to answer some or all of the open questions in particle physics.
Searches for physics beyond the standard model
One can search for physics beyond the standard model with different techniques, for example through resonance searches (also known as bump hunting), searching for processes with associated large missing energy, looking for deviations in standard model observables, or studying angular distributions of final states. Missing transverse momentum, where, for example one jet is detected in one direction of an angle φ perpendicular to the beam pipe and obviously energy in the other direction is missing (see Figure 4 ), could be a sign of dark matter. It could, on the other hand, also be a detector effect or mismeasurement.
Resonances
Examples of resonance searches are CMS-PAS-EXO-18-006 [15] where an invariant mass is computed from final state leptons for 41 fb −1 collected 3 in 2017 (see Fig. 5 ). and ATLAS-CONF-2018-016 [16] where an invariant mass from an all-jet final-state is studied in ATLAS W-and Z-tagged events in 79.8 fb −1 of data collected at the ATLAS detector in 2017 and 2018 (see Upper limit on the production cross section times branching ratio of a spin-1 resonance relative to the Z-boson cross section times branching ratio for different resonance masses in the dielectron and dimuon channel; figure from [15] . predictions for two theories are overlaid (blue and dotted lines).
Deviations from standard model observables
Decay rates and cross sections of B mesons are determined by coupling strengths of interactions and are very sensitive to corrections from new particles that occur in models of new physics. Processes including B mesons often manifest themselves through a displaced vertex in the forward region as a result of the longer lifetime of the B meson. LHCb can measure such processes very well in its forward detector (see Fig. 9 ) and has recently published new-physics constraining results on the decay rate of the Bs meson (which consists of one strange and one antibottom quark) to two muons using 4.4 fb -1 of proton-proton collision data [17] . Deviations of these decay rates from standard model predictions could, for example, imply the existence of new Higgs bosons (see Fig. 10 ). 
Tests of lepton universality
It has long been assumed that lepton universality, or the equality of interactions (couplings) of all leptons (all flavors) to gauge bosons, holds. LHCb results 4 , however, have shown a deviation from the standard model prediction for a B meson decaying to a D* and a lepton and neutrino (see Fig. 13 ) in terms of the observable R(D*) as defined in Eq. 1. LHCb measured R(D*) to be 0.285 ± 0.019 ± 0.029 which is 2.1σ above the standard model prediction which is 0.252 ± 0.003. Together with several other measurements from experiments specialized in bottom quark mesons 5 
Searches for dark matter at the LHC
Many galaxies would not hold together and rotate, or would not have formed the way they do if there were not a large amount of matter that we cannot detect. This and other evidence for such matter gives rise to the hypothetical 'dark matter' that makes up 85% of the matter of our universe. At particle colliders, the only way to look for dark matter is to look for processes where it is produced, as only non-dark matter particles are at hand to collide with, unlike in direct and indirect detection experiments that are designed to detect collisions including dark matter particles (see Fig. 14) . Not all collisions can be stored continuously at ATLAS and CMS, and one way of deciding to read out event information (or so-called 'triggering') when 'nothing' is produced is to look for jets emitted through initial state radiation in events where then subsequently dark matter could be produced (see Fig. 14) .
One such monojet search by ATLAS [18] assumes a dark matter mediator (a particle that 'mediates' between standard model particles and particles from the dark matter or 'hidden' sector) and looks for an initial state radiation jet with a transverse momentum pT > 250 GeV and an associated missing transverse momentum of ET > 250 GeV. The search is performed using 36. 
Longlived particles
Unconventional signatures such as displaced vertices and heavy stable charged particles are also explored in BSM searches at the LHC (see Fig. 17 ). One such search in CMS recently presented at LHCP 2018 in Bologna looks for disappearing tracks [19] . No hint of such longlived particles has been observed in 38.4 fb −1 of 13 TeV data collected at the CMS detector, but the searches proved to be sensitive to a large range of lifetimes and masses in a certain model of new physics (see Fig. 18 ). 
BSM Higgs particles
The newly discovered standard model Higgs boson is studied in detail at the LHC. However, at the same time, particle physicists are looking for new BSM Higgs particles. One such CMS search looked for new Higgs bosons with four bottom quarks in the final state [20] in 35.7 fb −1 of data collected at the 13 TeV LHC in 2016 (see Fig. 19 ). Another ATLAS search looked for production of H and Z bosons with the H decaying to two new Higgs particles denoted a, two leptons and four bottom quarks in the final state [21] 
Conclusions
Searches for physics beyond the standard model of particle physics at the various experiments at the LHC aim to answer fundamental questions about our universe. Data taking at the LHCb, ATLAS and CMS experiments has been successful and analysis of those data gives an indication that the standard model is not blind to lepton flavor. There is no clear sign of new models of physics, but it is expected that many more results will follow as we gain more statistics in this and the future runs of the LHC.
